The well-known optical behavior of iridescent labradorite is discussed.
The regression equation for the lamellar thickness d(A) and the wavelength 2(A), where the maximum of reflected intensity appears, is obtained as follows : 2=3.105-(d)-21.178.
The result of calculation from the equation obtained suggests, together with this regression equation itself, that the maximum of reflected intensity takes higher value when (na, nb)=(1.55,
Introduction
In plagioclase feldspar there exist three kinds of exsolution, among which the Boggild intergrowth is observed in the chemical Y. MPPRA, T. TOMISAKA and T. KATO 527 composition range from calcic andesine to labradorite . The Boggild intergrowth shows lamellar texture on the scale of a few thousand Angstroms in thickness .
The well-known iridescence of labradorite formed by relatively slow cooling (McLaren and Marshall , 1974) is called "schiller" or "labradoresce nce" (Ribbe, 1972) . By the following reasons, the color of iridescent plagioclase is considered to be caused by the optical interference due to the periodic lamellar texture .
(i) The labradorescence might be explained based on the Rayleigh scattering 2'4 rule as the scattering of light in the air is. If so, scattering of light by needle-shaped opaque minerals of micron size is considered to be responsible for the labradorescence.
But it is impossible for the Rayleigh rule to explain iridescent colors of labradorite other than blue; actually, ultra-violet, violet, green to yellow, and orange colors are observed.
(ii) The lamellar texture with the thickness in the order of a thousand Angstrom is easily observed with the electron microscope.
The lamellar planes should be considered to play as reflecting planes of light.
(iii) Between the lamellar thickness and the color, a relation similar to the Bragg equation in X-ray diffraction was established by Bolton et al. (1966) and Miura et al. (1974). Satisfactory agreement between the observed and the calculated spectral distributions of labradorescence was reported by Bolton et al. (1966) and Miura et al. (1974) . However, the detailed optical behavior of labradorescence and the behavior of thicknesses of alternate lamellae in the Boggild intergrowth have not been considered thoroughly.
In this paper labradorescence and the ideal behavior of thicknesses of alternate lamellae are discussed in detail by applying the equation derived by Miura et al. (1974) . Theoretical treatment of optical cal culation is based on the kinematic theory of diffraction. and the ideal behavior of thicknesses
Theoretical consideration
Judging from the experimental results (Miura et al., 1974) , the following assumptions are allowed to be made in the theoretical consideration.
(i) The lamellae of the iridescent plagioclases consist of two kinds of lamellae, "a" and "b".
The lamellar thicknesses observed experimentally, which are from ca. 500 A to ca. 2800 A, are smaller than the wavelength of visible radiation. Because the birefringence of lamellae, r-a=0.008, is small enough to be neglected, optical con stants of the lamellae are independent of position and direction ; the refractive indices of " a " and " b " lamellae may be described by na and nb respectively.
(ii) Boundaries of the lamellae are assumed to be statistically distributed parallel planes and essential to the optical interference in iridescent labradorite.
(iii) Attenuation of the light and multiple reflections may be ignored.
On these assumptions, a model of labradorescence is proposed as shown in Fig. 1 , where the iridescent labradorite consists of 2N layers.
The total reflection amplitude V is, therefore, obtained as follows (Bolton et al., 1966; Miura et al., 1974) : The lamellar thickness d(=da+db)(A) is so small and N is so large, that the observed average intensity I=<IVV*j>/r2 can be expressed as follows : The calculated values of the thickness d(=da+db)(A) and the wavelength Amax(A), where the " maximum " intensity Imax appears, are listed in Table 2 . The regression equation for d(A) and 2..(A) in Table 2 . Regression equation for maximum wavelength Amax, where maximum intensity Fin.,, appears, and thickness of lamellae d(=da+db), Amax=3.128x (d)-47.798 (a=0.999). From the experimental results for iridescent labradorites obtained by using an electron probe microanalyser and an electron microscope (Miura et al., 1974) , which agree with those by Nissen et al. (1967) and Nissen (1971) 
By using these regression equations (2), (3) and (4), the calculated values of An content, d, da, db and da(%) were ob tained as listed in Table 3 , and the relation between An content and da and db is shown in Fig. 3. It appears from Fig. 3 that the thicknesses of both kinds of lamellae change independently as the An contents of lamellae increase from An35t to An65± within the limit of error. The thickness of An-rich lamella ("b" lamella) increases up to An,,,, while that of An-poor lamella increases up to An5o and then decreases describing a pa - Fig. 3 . Ideal behavior of the thicknesses of "a" and "b" lamellae calculated from expressions
(1), (3) (2), (3) and (4).
rabola.
By applying the calculated values of thicknesses of "a" and "b" lamellae, da and db, in Table 3 , the maxima of reflected intensity 'max were calculated from equation (1)) in the conditions that (1) in the following conditions: ca=ab=0.01 ; Cm, from 60° to 85° ; dm in Table 3 ; nm, from 1.54 to 1.57. and the ideal behavior of thicknesses This calculated result that labradorite consists of alternate lamellae with different refractive indices, i. e. with different chemical compo sitions, is consistent with the experimental results (Nissen et al ., 1973; Miura et al., 1974) .
The regression equation for the wavelength Amax(A), where maximum intensity Imax appears, and the thickness d(=da+db)(A) can be written as follows (Table 5 , Fig. 4) :
From equations (3), (4) and (5), the optical phenomenon of labradorescence in the Boggild intergrowth is summarized as shown in (Nissen et al., 1967; Nissen et al., 1973; Miura et al., 1974) . 
